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' ' . COMPLETE SPECIFICATION, 

Error Correcting System for Use with Plotters, Machine Tools 
. . and the like. 



We, The Gerber SdiEisrriFic Instkument * 
Company, a corporation brganiz€xi under 
the laws of the State of Connecticut, one 
of the United States of America, of South 

5 Windsor, State of Connecticut, whose mail- 
ing address is RO. Boi 305, Hartford, Con- 
necticut. United States of America, do here- - 
by declare the invention, for which we pray 
that a patent may be granted to us, and the 

10 method by which it is to be performed, to 
be particularly described in and by the fol- 
lowing statement: — ' . ' 

This invention relates to numerically con- 
trolled devices such as plotters, machine . 

15 tools or the like for automatically position- 
ing a driven part relative . to . a reference 
member in response to coded input com- 
mands, and deals more {larticularly with a 
system useful in such devices for improving 

20 their positioning accuracy by overcoming 
repcatable mechanical errors. 

When a mechanical positioning device, 
such as a plotter or machine tool is manu- 
factured, the accuracy of its mechanical res- 

25 ponse to input command signals is limited, 
at least in part, by the accuracy with which 
various mechanical parts such as guide ways 
or lead screws are made. Guide ways, for 
example, are never perfectly strai^t, and 

30 this lack of straightness results in repeatable 
non-linearities or errors in the performance 
of the device. Likewise, the lead screws 
and other parts of the drive system between 
the driving motor or motors and the driven 

35 part give rise to repeatable errors in the 
positioning accuracy (due to the impossi- 
bility of manufacturmg such parts to perfect 
tolerances. There are also some non-re- 
peatable inaccuracies in all positiontog de- 

40 vices caused by hysteresis, dirt, and other 
factors which cannot be corrected by the 
system of this invention. These non-repeat- 



able errors, ' hov/ever, are often small in 
comparison to the repeatable errors so that 
a signilficant improvement in the overall 
positioning accuracy of a device may be 
made by reducing or elminating the repeat- 
able errors. 

The general.aim of this invention is there- 
fore to accomplish an improvement in the 
accuracy with which a positioning device 
such as a plotter or inachine toohmay posi- 
tion a driven part by providing a system 
for overcoming the repeatable mechanical 
errors present in such a device. 

This invention involves a system for posi- 
tioning a driven part in a numerically con- 
trolled positioning device including a digital 
computer having a memory. In the settng 
up of the system the driven ^art is com- 
manded to move to various positions spread 
over its field of movement and after it 
reaches each sudi position its actual posi- 
tion is accurately measmred to determine 
the error between the commanded position 
and the actual position. The values of the 
errors thus determined are ,fed into the 
memory device to form a table of error 
values versus part position. Tliereafter, as 
the driven part" is moved to different posi- 
tions relative to the reference member the 
computer memory is interrogated and error 
values from the table are used to correct 
the commands transmitted to the motor 
drivers to take into account the repeatable 
error associated with the position of the 
driven part. The system of flie invention in- 
cludes, in addition to the memory device 
for storing the error table an input device 
for providing position input commands, one 
or more motors for driving the driven part, 
and a digital computer for converting the 
input commands into corrected output com- 
mands transmitted to the motors, said out- 
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put commands being corrected by values 
of error extracted from said computer 
memory in accordance with the position of 

the part. , . .t i 

5 The drawing shows in schematic block 
diaaram form a system embodying fliis in- 
vention as applied to an X— Y plotter. 

A part positioning system embodying the 
present mvention and applied particularly 

10 to an X— Y plotter is shown by way of 
example in the drawing, Rrferring to the 
drawing, the illustrated system includes an 
input device 10, a digital computer 12 and 
an X— Y plotter indicated generally at 14. 

15 The plotter 14 includes a driven part 16, 
such as a pen carriage, print head or the 
like, which is movable to any point over a 
reference, member consistmg of a sheet 18 
of paper or the like fixed , to the bed of the 

20 plotter. Movement of the driven part 16 
along one axis, referred to. as to the X axis, 
relative to the sheet 18 is effected by a lead 
screw 20. The lead screw. 20 is in turn car- 
ried by a carriage 22. which is moyable along 

25 another axis, referred to as the Y axis, rela- 
tive to the paper 18. by another: lead screw 
24. The lead screw 20 is driven by an asso- 
ciated motor 26 and tlie lead screw 24 fa . 
' driven by an . associated motor 28. Each 

30 of the motors 26 and 28 may be individual 
motors or groups of motors suitably driv- 
: ingly connected: Each of the motors 26 and 
li'is pireferably, although not necessarily, a 
stepping motor the . energization of which 

35 is controlled by an associated motor driver 
30 or 32. Drivingly connected with the lead 
screw 20 is an encoder 27 which through 
tlie line 31 transmits signals to . the com- 
- puter 12 representing the position of the 

40 part 16 along the X axis as determined by 
the angular position of the lead screw 20. 
Likewise an encoder 29 is drivingly con- 
nected witli the lead screw 24 and transmits 
sicnals to the computer ..through the hne.33 

45 representing tlie position of the part 16 
along the Y axis as determined by the an- 
gular position of the lead screw 24. 
. Tlie input device 10 may take various 
different forms, and may, for example, con- 

50 sist of a punched paper tape reader.^ mag- 
netic tape reader, or an "on-stream data 
generating device. It in any event serves 
to provide the computer 12 with input com- 
mands, generally in coded numerical form. 

55 remesenting positions to v/hich the driven 
pju-t 16 is to be moved, A .Y mpjut com- 
mrjid representing the position to which 
the part is to be moved along the Y axis 
is supplied on the line 34. and an X input 

60 command representing the position to which 
the part is to be moved along the X axis 
IS provided on the line 36. The computer 
12 in turn operates to convert the input 
commands on tlie lines 34 and 36 to output 

65 commands transmitted to the motor drivers 



32 and 30, respectively, the output com- 
mand for the Y axis motor driver 32 being 
supplied on the line 38 and the output com- 
mand for the X motor driver 30 being sup- 
plied on the line 40. In the case where 70 
the motors 26 and 28 are stepping motors 
the commands on each of the lines 38 and 
40 consist of elecuical pulses with each pulse 
representing one change in the state of 
energization, of the associated stepping 75 
motor and bne increment' of niovement of 
the driven part 16, along the associated axis. 

Associated wilh the computer 12 is a 
memory device 42. which is charged with a 
table of error values versus part or reference 80 
positions. These error values are in turn 
related to the amounts by v/hich, the posi- 
tion of the driven part has to be corrected 
at each reference point, in order to cause 
such position to coincide with or at least 85 
move closer to the commanded position, 
when the computer is operated without using 
such error values. ' The computer 12 is m 
turn programmed so as to extract error 
values from the memory device 42 in ac- 90 
.coidance with its position and to use the 
same to correct the output comihands ap- 
pearing oh flie lines '38 arid 40 so as to re- 
duce the error which, would otherwise be 
present in the positioniiig of the driven part 95 
16. . . 

The error,. value versus reference posi- 
tion table which is stored in the memory 
device 42 may be made by usinjg accurate 
measuring ineans, such as a laser interfere- 100 
meter, to determine the true position of the 
driven part relative to the sheet 18 or other 
reference member. The driven part is com- 
manded through a, number of reference 
positions spread over its field of movement 105 
by input commands supplied by the input 
means 10. As the driven part reaches each 
supposed reference position its true posi- 
tion is measured and compared with the 
commanded position to obtain the error 110 
value or values for such reference position. 
By driving the driven part through a grid 
of positions spread over the entire area of 
the reference member 18 error values may 
be obtained on a two axis basis, with an 115 
X error value and a Y error value associ- 
ated with each* reference point. From this 
an error table is set up which actually repre- 
sents a famfly of correction curves, the 
error vahies associated with each reference 120 
point beiog dependent on, or a function of, 
the position of the driven piart 16 along 
both of its axes of movement. 

Tlie error table contained in the memory 
device 42 may be generated automatically 125 
under computer program control utilizing 
inputs to the computer from the measur- 
ing equipment for determinmg the true posi- 
tion of file driven part and comparing these 
inputs witili the commanded positions from 130 
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the input device 10 to determine the error driven part passes a reference point an 
values which are then automatically trans- enor correction is made in accordance with 
mitted to the memory device 42. The table the error value stored in the memory 42 for 
may also be made manually if the number such reference point, the whole extent of 
5 of reference points is not too large. For a the correction being made at one time. As 70 
two axis device such as the plotter 14 a grid an alternative to this the computer may be 
or matrix of reference points is preferably programmed to interpolate the error cor- 
established at fixed grid intervals along each rection required for any position of the 
axis. For example, a grid of lines on the driven part 16 from the error values asso- 
10 X and Y axes spaced one inch apart would dated with adjacent reference points and 75 
have 100 intersections or reference points to progressively or proportionally make 
for a ten inch by ten inch area. An error error corrections in accordance with such 
table for this size of area and int^val dis- interpolated values as the driv^ part is 
tance may be manually' calculated, but for moved between reference points, 
15 larger areas and/or smaller intervals the Where the drive motors of the position- 80 
number of intersections becomes quite large ing device are stepping motors the output 
and the generation of tHe table by automatic commands from the computer appearing on 
means is preferred. . "\ ' , ' the lines 38 and 40 consist of dectrical 

As an alternative' to cpnstfucting an error - pulses and the corrections efiected by the 
20 table based on i 'j^id; of reference points computer through the use of the error table 85 
spread over the entire; area of the field, of .consists essentially of adding or subtracting 
movement of the driven part, the, error table • pulses to the pulse trams which would other- 
in many cases may be' siriiplified and based ..wiise appear on the line 38 and 40i Where 
on error values ; obtained by taking error the computer is programmed to make cor- 
25 readings at ' a- number of reference points rections in a -discrete fashion a number of 90 
spaced from one another on a single line pulses related to the magnitude of the error 
along each axis: This alternative technique value are added to or subtracted from the 
is adaptable to .positioning devices, such as Dhes 38 and 40 as each reference position 
many , plotters, which utilize guide vvays a^^ is * reached. Where the computer is pro- 
30 lead screws to> operate and control the posi- graimmed ^ to interpolate the , error values 95 
tioning.of the driven part, , These devices single pulses are added or subtracted from 
characteristically have repeatable position- the lines 38 and 40 in a proportional man- 
ing errors along each axis a major portion ,ner. That is, Ihe space between two refer- 
of which are due tojepeatabk.non-lineari- . ence points ?albng the axis in question is 
35 ties in the lead screw and guide ways. These divid^ into increments, with the number 100 
repeatable noh-linearities due .to the lead of such increments depending on the error 
screw and guide ways are in turn not de- values at the reference points, and one pulse 
pendent on the position of :the driven part is added or subtracted as the driven part 
. relative to the other axis, and therefore for reaches the end of each increment. 
■ 40 each axis only one . set of error readings It should be understood that the embodi- 105 
along the axis need be taken. In' the case ment of the invention shown in the draw- 
. of . Qie . previously described ten. inch by ten ing and described above is intended to be 
. inch area with one inch intervals between exemplary only, that various changes may 
the reference points, the number of refer- be made from the* construction disclosed 
45 ence points is by this method reduced to and that the drawings and description are HO 
ten reference points along one axis and teiv hot to be construed as defining or limiting 
reference points along the other axis for a the scope of the invention, the claims form- 
total of twenty reference points. This ing a part of the specification being relied 
method therefore considerably reduces the upon for that purpose. In particular, it 
50 number of measurements required, reduces should be understood that the drive motors 115 
the time and labour required for develop- used in the part positioning device, such as 
ing ttie error table, reduces the amount of the motors 26 and 28, ne(Bd not be stepping 
memory capability required by the memory motors and could instead be servo motors, 
device 42 and reduces the computation time Li this case the corrected output commands 
55 and complexity of the computer program, supplied to the motor drivers 32 and 30 120 
. In operating the system shown in the over the lines 38 and 40 may be digital com- 
drawing with the use of the error table mands generally similar to those supplied to 
stored in the memory device 42 the com- the computer 12 by the input device 10 over 
puter 12 may be programmed in Various the lines 34 and 36 but corrected by the 
€0 different manners to make use of the error computisr 12 through the use of the error 125 
values. In accordance with one method of table in the memory 42. - The motor drivers 
operation the computer 12 may be pro- 30 and 32 would also then constitute de- 
grammed to make error corrections in a dis- vices for converting the digital commands 
Crete fashion as. the driven part 16 passes oh the lines 38 and 42 into suitable signals 
65 given reference points. That is, as flie for driving the motors 26 and 28. 130 
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WHAT WE CLAIM IS:— computer including means for adding pulses 

1. In a,part positioning system for mov- to or subtracting pulses from said input 
ing a part relative to a given reference commands in accordance with the magai- 
member, the combination comprising a tude and sign of the aror values obtained 

5 memory device having stored therein a table from said memory device. 

of error values versus part positions, a drive 3. The combination defined in claim 2 
system for said driven part operable to further characterized by said means for add- 
move said driven part to different positions ing pulses to or subtracting pulses from said 
relative to said reference member in res- input commands including means for per- 
10 ponse to input commands thereto, means forming such an operation in a discrete 
providing primary input commands com- fashion as said driven part passes given re- 
manding movement of said driven part to ference positions. 

various driven positions, and a digital com- 4. The combination defined in claim 2 

puter operable to convert said primary input further characterized by said means for add- 

15 commands into input commands transmitted ing pulses to or subtracting pulses from 

to said drive s^^tem, said computer includ- said input commands including means for 

ing means for interrogating said memory performing such an operation in a propor- 

device to obtain therefrom error values cor- tional manner as said driven part moves 

responding to the position of said driven between given refer^ce positions. 

20 part and for using the error value so ob- 5. A mechanical positioning device sub- 

tained to correct said input ; commands stantially as described with rderence to and 

transmitted to said drive system. as shown in the accompanying drawings. 

2, The combination defined in claim 1 

further characterized by said drive system URQUHART-DYKES & LORD. 

25 including a stepping motor for driving said Columbia House, 69 Aldwych, 

driven part, and a driver for said stepping London, W.C2, 

motor, said input commands ttansmitted to and 

said drive system consisting of electrical 12 South Parade. Leeds, Yorkshire, 
pulses transmitted to said dnven, and said ' 

Printed for Her Majesty's Stationery Office by Burgess ^ Son (Abingdon), Ltd,— 1969. 
Published at Hie Vatesit OflSce, 25 Southampton Buildings, London, W.Cp2, 
from ^ch copies may op obtained. 
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